Native chemical ligation applied to the synthesis and bioengineering of circular peptides and proteins.
Native chemical ligation methodology developed in the laboratory of Stephen Kent is a versatile approach to the linkage of peptide fragments using a native peptide bond. It is readily adaptable to the task of joining the N- and C-termini of peptides to produce cyclic molecules and we have used it for the cyclization of a range of disulfide-rich peptides. Specifically, it has been valuable for the synthesis of cyclotides, naturally occurring peptides characterized by a head-to-tail cyclized backbone and a knotted arrangement of three conserved disulfide bonds. Cyclotides have a diverse range of biological activities, including anti-HIV, antimicrobial, and insecticidal activities. They are ultrastable owing to their cyclic cystine knot motif, and native chemical ligation methodology has been invaluable in the synthesis of a range of native and modified cyclotides to explore their structure-activity relationships and applications in drug design. Similar studies have also been applied to a smaller cyclic peptide produced in sunflower seeds, sunflower trypsin inhibitor-1, which also shows promise as a template in drug design applications. We have also found native chemical ligation to be a valuable methodology for the cyclization of conotoxins, small disulfide-rich peptides from the venoms of marine cone snails. Conotoxins target a range of ions channels and receptors and are exciting leads in drug design applications. The synthetic cyclization of conotoxins with peptide linkers stabilizes them and improves their biopharmaceutical properties. In summary, this article illustrates the use of native chemical ligation technology in the cyclization of cyclotides, sunflower trypsin inhibitor-1, and conotoxins in our laboratory.